Introduction
Intrinsically asymmetric divisions, in which cell-autonomous fate determinants are distributed unequally to the daughter cells, play an important role in development (reviewed by Horvitz and Herskowitz, 1992) . Two coordinated events are required for an intrinsically asymmetric division to occur: the mother cell must have a polar distribution of fate determinants, and the mitotic spindle must align along the axis of polarity so that daughter cells receive different amounts of the determinants (Rhyu and Knoblich, 1995) . Mechanisms by which cell polarity arises and reproducible spindle alignments are controlled have been studied in a variety of metazoan embryos (Goodner and Quatrano, 1993; Gueth-Hallonet and Maro, 1992; Holy and Schatten, 1991) . Genetic studies in budding yeast have provided a wealth of molecular detail (reviewed by Chant, 1994) but the relationship between asymmetric divisions in yeast and metazoans is not clear.
The nematode Caenorhabditis elegans offers the opportunity to apply a genetic approach to the study of asymmetric cell division in a metazoan system. The embryonic cleavages leading to the formation of the germline appear to be intrinsically asymmetric and exhibit both polarized distribution of cytoplasmic components and reproducibly oriented cell divisions (reviewed by Priess, 1994; Schierenberg and Strome, 1992; Wood and Edgar, 1994) . Mutations affecting cell polarity and cleavage spindle orientation have been identified (Kemphues et al., 1988; Mains et al., 1990; Wood et al., 1980) .
The asymmetric divisions of the early embryo are summarized in Figure 1A . The germline blastomeres PO, Pl, P2, and P3 display an obvious polarity and divide asymmetrically. P granules, cytoplasmic inclusions of unknown function, are a useful marker for polarity (Strome and Wood, 1983) . These granules are distributed uniformly throughout the cytoplasm of oocytes and newly fertilized eggs, but become localized to the posterior pole during the first cell cycle. They are partitioned into the Pl cell by the first cleavage. Prior to Pl division, the granules localize to the posterior pole and are partitioned into the P2 cell by the cleavage. The polar localization and unequal partitioning of P granules occur again in P2 and P3. In P4, the definitive germline precursor cell, the granules do not become polar and are distributed equally to the daughter cells.
During these asymmetric divisions, the mitotic spindles are reproducibly aligned along the axis of polarity defined by the P granule distribution. Information about how this alignment is controlled has been obtained by studies of the second cleavage division. A summary of the current view is presented in Figure 1 B. In wild type, the AB spindle aligns transverse to the long axis of the embryo, orthogonal to the axis of the previous spindle. This is considered the "default" cleavage pattern and is dictated by the 90° migration of the duplicated centrosomes along the nuclear envelope (Strome, 1993) . In the germline cell Pl, the spindle aligns along the long axis. The centrosome migration takes place just as in AB, but an additional 90° rotation of the centrosome-nuclear complex realigns the spindle along the anterior-posterior (AP) axis (Hyman and White, 1987) . The rotation of the centrosome-nuclear complex appears to be driven by an interaction of the microtubules of the asters with a site on the anterior cortex of the Pl cell (Hyman, 1989; Hyman and White, 1987) . The nature of this interaction is unclear, but results of cytochalasin treatments suggest a role for microfilaments (Hyman and White, 1987) . Consistent with this possiblity, actin and actin-capping protein accumulate at a site on the anterior cortex of Pl at the appropriate time in the cell cycle to be mediating the rotation (Waddle et al., 1994) .
Maternal effect mutations in five par genes result in disruption of AP polarity in the early embryo and also affect spindle position and orientation (Cheng et al., 1995; Kemp hues, 1989; Kemphues et al., 1988; Morton et al., 1992) . Several aspects of polarity are affected. The normally unequal first cleavage is equal, P granules are mislocalized, and differences in cell division times between the blastomeres are lost. In addition, SKN-1, atranscriptional regulator that is asymmetrically distributed in cells of the wildtype early embryo, is symmetrically distributed in par-7 embryos (Bowerman et al., 1993) . The null mutant phenotypes are not identical among the genes, however. par-2 and par-3 mothers. Replicated centrosomes (small closed circles) migrate to opposite sides of the nucleus (stippled circles). Centrosome migration is followed by a 90" rotation of the centrosome-nuclear complex in wild-type Pi and in both blastomeres of par-3 2-cell embryos, establishing the plane of the second embryonic division along the AP axis. In par-2 embryos, no centrosome-nuclear rotation occurs.
and par-4 mutants, but are partially localized in par-2 and par-3 mutants. Spindle orientation is also affected differently by mutants in the four genes (see Figure 1B) . At the second division, for example, in par-2 and par-5 mutants, both AB and Pl spindles orient like the wild-type AB spindle, but in par-3 mutants, both spindles orient like Pl (Cheng et al., 1995; Kemphues, 1989; Kemphues et al., 1988) . In par-7 and par-4 mutants, most 2-cell embryos show wildtype spindle orientations, but a fraction of the embryos have AB-like spindle orientations in the Pl cell.
The spindle defects observed in par-2, par-3, and par-2 par-3 double mutants indicate that the products of these genes influence spindle orientation at the 2-cell stage by controlling the rotation of the centrosome-nuclear complex that normally occurs only in Pl (Cheng et al., 1995) . In particular, the results indicate that par-3 is required to prevent the rotation of the complex in AB and that par-2 is required to restrict the par-3 activity to the AB cell.
The genes par-l and par-2 have been cloned. The par-2 product is a novel protein with a zinc-binding domain of the so-called RING finger class and an ATP-binding site (Levitan et al., 1994) , and par-7 encodes a putative serinel threonine protein kinase that is localized to the posterior periphery of the zygote and to one pole of asymmetrically dividing cells of the P lineage (Guo and Kemphues, 1995) .
In this paper we report that par-3 encodes a novel protein that is asymmetrically distributed in the zygote and in cells of the P lineage. Like the PAR-l protein, PAR-3 is found at the periphery of early blastomeres, but its distribution is roughly the reciprocal of PAR-l. Analysis of PAR-l and PAR-3 protein distributions in other par mutants indicates that PAR-3 is partially dependent upon par-2 for its restriction to the anterior and that PAR-3 asymmetry is necessary for proper PAR-1 localization. In addition, we report that differences in distribution of PAR-3 correlate with differences in spindle orientation.
Results

Identification
and Sequencing of the par-3 Gene As a first step toward molecular analysis of the par-3 gene, we mappedparto the 0.2 MU interval between the markers &f-4 and sma-4 on chromosome Ill. daf-4 had been previously cloned and placed on the physical map (Estevez et al., 1993) . Correlating the physical and genetic maps in this region allowed us to estimate that par-3 is less than 100 kb to the right of daf-4. We tested cosmids daf4 LG III smn-4 Genetic mapping put par-3 0.06 MU to the right of daf-4, on chromosome Ill. The cosmid F54E7 rescued the maternal effect lethality associated with the par-3 mutation. thermore, when purified antibodies are incubated with excess PAR-3 fusion protein prior to the immunostaining assay, no signal can be detected in early embryos (data not shown). We are therefore confident that the staining pattern we describe here represents the distribution of the PAR-3 protein.
No staining is seen in gonads or unfertilized oocytes, but asymmetric peripheral staining develops during the first cell cycle. The PAR-3 protein is first detectable at the cell periphery in fertilized eggs during the meiotic divisions. Of the embryos undergoing first meiotic division, 35% had patchy peripheral staining with no obvious asymmetry (n = 25). The proportion of staining embryos increases during meiosis II; 80% of the embryos stained positively (n = 16). In 10 of the 13 positive embryos, the protein was distributed asymmetrically. The protein was undetectable in the posterior third of the embryo, stained very strongly on the lateral periphery, and stained weakly at the periphery at the extreme anterior pole (data not shown). The other three embryos showed uniform peripheral staining. After meiosis II is completed and as the pronuclei start to decondense, PAR-3 is restricted to the anterior periphery in all cases, extending on average to about 65% of the total length of the embryo (n = 11) ( Figure  4A ). As pronuclear migration progresses, PAR-3 becomes more concentrated at the anterior pole, and the signal extends, on average, to 54% of embryo length (n = 7). During prophase, metaphase, and early anaphase of the first mitosis, the signal is the strongest and extends to about 48% embryo length (n = 21) ( Figure 4B ). In late anaphase, the boundary of PAR-3 progresses back toward the posterior pole and extends into the first cleavage furrow near the end of telophase (n = 11) ( Figure 4C ). In addition to the peripheral staining, at all stages unlocalized PAR-3 appears to be present in the cytoplasm; in par-3 mutant embryos, the cytoplasmic staining is reduced relative to wild type.
Asymmetric
Localization of PAR-3 in the Germline Precursor Cells PAR-3 is present uniformly at the periphery of AB at all stages of the second cell cycle (n = 25) (Figures 5A, 5B, and 6A). In contrast, we observe cell cycle specificity in the distribution pattern of PAR-3 in the Pl blastomere. In 100% of 2-cell embryos in which nuclei from both AB and Pl are at interphase (n = lo), PAR-3 is either absent from the periphery of Pl or is only present at the extreme anterior of the cell. We believe that the latter is the case for two reasons. First, the intensity of the signal is higher at the boundary of the cells than it is at the outer periphery of AB ( Figure 5A) , and, second, the PAR-3 protein seems to be pulled into the cleavage furrow during cytokinesis show staining all around the periphery; intense signal is also seen at the cell boundaries, but no peripheral staining is detected in P2 (arrowhead). (D) A 7-cell stage embryo. The arrows point to the dividing P2 blastomere. Upon division, P granules (thin arrow) and PAR-3 (thick arrow) are localized on the ventral and dorsal sides of the cell, respectively. PAR-3 is also seen at the periphery of all somatic cells, with stronger staining at the embryonic surface (some blastomeres are out of the plane of focus).
(see Figure 4C ). In 93% of embryos in which Al3 is at prophase (n = 15) and in 100% of later stage 2-cell embryos (n = 93) PAR-3 is present along the anterior 30% of the Pl blastomere ( Figure 5B ).
At the 3-cell stage, PAR-3 is present all around the periphery of ABa and ABp, and signal is seen at the anteroventral periphery of Pi, covering the portion of the cell that will be partitioned into EMS (n = 11) (data not shown). In all 4-cell stage embryos, the three somatic cells show uniform peripheral staining ( Figure 5C ). In P2, like in Pl, the staining is cell cycle dependent. In most interphase P2 cells (24 of 29), staining was restricted to the border of the blastomere bounded by ABp and EMS ( Figure 5C ); in the remainder of the cells, faint peripheral staining was seen at multiple points on the outer surface as well (data not shown). Some prophase cells (3 of 22) had the staining pattern just described, but most showed a clear asymmetry with strong staining of the dorsal pole of the cell, opposite the P granules ( Figure 5D ). Later stage P2 cells all showed the polar distribution of PAR-3 (n = 20). The P2 pattern is repeated in P3, with PAR-3 staining only detectable where P3 borders somatic cells early in the cell cycle (n = lo), followed by staining at the pole of the cell opposite the P granules later in the cell cycle (n = 13; data not shown). Because of the peripheral staining in somatic cells, the distribution of PAR-3 in P4 is difficult to score.
In somatic blastomeres, PAR-3 is present all around the cellular periphery, but after the 4-cell stage, the signal becomes asymmetric, with much stronger staining associated with cell membranes that are on the surface of the embryo ( Figure 5D ). In some embryos, this staining appears as bright circular patches (data not shown). PAR-3 remains detectable until about the 50-cell stage (early gastrulation).
par-2 Is Required to Exclude PAR-3 from the Posterior of the Zygote To understand better the relationships among the par genes, we examined the distribution of PAR-3 protein in par-l, par-2, and par-4 embryos. In par-l(b274) and par4Qt57ts) l-cell embryos, the distribution of PAR-3 is similar to wild type (n = 38 and n = 20, respectively) (see Figure  4D ; data for par-4 are not shown). In l-cell par-2(/w32) embryos, however, PAR-3 staining is abnormal; staining extends into the posterior of the embryo, although it remains asymmetric. In 67% of the sampled embryos (n = 31), PAR-3 was detectable all around the periphery, but appeared to be distributed in an AP gradient (see Figure  4E ). In the remaining embryos, the PAR-3 protein was not detected at the extreme posterior, but in most of the embryos, PAR-3 staining extended more posteriorly than seen in wild type. Thus, par-7 and par-4 are not required to localize PAR-3, but par-2 is required for the restriction of PAR-3 to the anterior.
PAR-3 Distribution
Correlates with Spindle Alignment at the 2-Cell Stage Previous analysis suggested that the gene products of par-2 and par-3 act in concert to control the differences in spindle orientation between AB and Pl To understand better the role of PAR-3 in this interaction, we examined the localization pattern of the PAR-3 protein in 2-cell stage par-2(/w32) embryos. In 2-cell par-2 embryos, peripheral PAR-3 staining was found in both blastomeres in most embryos (20 of 22), with the signal slightly stronger around the anterior blastomere ( Figure 6B ). In 14 of these embryos, the blastomeres were in metaphase or anaphase and could be scored for spindle orientation by examining the DAPI-stained chromosomes. Of these, 12 had par-2-like Pl spindles and showed PAR-3 staining around the Pl cell. In two of the embryos, both PAR-3 staining and spindle orientation were like wild type. This is expected because all par-2 mutations are leaky (Cheng et al., 1995) . PAR-3 staining also fails to be restricted in later stages, and no obvious difference is apparent between somatic cells and cells of the P lineage (data not shown).
We also examined PAR-3 distribution and spindle orientation in late stage 2-cell embryos in other mutants that exhibit altered spindle orientations. Most par-5 embryos and about 20% of par-l and par-4 embryos display transversespindleorientations in Pl (K. J. K., unpublished data; Kemphues et al., 1988) . Of par-5 2-cell embryos, 97% examined showed uniform cortical staining for PAR-3 in both AB and Pl cells (n = 36, of which 20 werepar-5(it727) and 16 were par-5(it55)). Of these embryos, ten could be scored for Pl spindle orientation; all had transversely oriented spindles, A wild-type PAR-3 distribution was exhibited by 74% of par-7 embryos (n = 35) and 88% of par-4 embryos (n = 24) (data not shown). In the remainder of the 2-cell embryos, the PAR-3 protein was normal in AB, but was distributed over most of the periphery of Pl (par-7 is shown in Figure 6D ; dataforpar-4 are not shown). Thus, in embryos with normal distributions of PAR-3, spindle orientation was like wild type, while in embryos with abnormal distribution of PAR-3, the Pl spindle was oriented transversely.
par-3 Is Required for Asymmetric Distribution of PAR-l The PAR-l protein is asymmetrically distributed in the zygote and P lineage blastomeres (Guo and Kemphues, 1995) (also Figures 7A and 7C ). In fact, comparing the distributions of PAR-l and PAR-3 throughout embryogenesis reveals that they are roughly reciprocal.
To elucidate a possible interaction between PAR-l and PAR-3, we stained par-3 embryos with antibodies raised against PAR-l. In par-3 1 -cell embryos, the PAR-l protein is detected around the entire cell periphery, although in reduced amounts compared with wild type (Figure 78 ). In about 80% of the par-3 zygotes examined (n = 30), the distribution of PAR-l is graded, with slightly more PAR-l detected at the posterior. This weak polarity appears to diminish as the cell cycle proceeds, and only about half of the par-3 2-cell embryos examined (n = 17) showed this weak polarity. In the 2-cell par-3 embryo, PAR-l is present not only at the Pl periphery, but also around the periphery of the AB blastomere ( Figure 7D ). In later stage par-3 embryos, PAR-l is detected around the periphery of all blastomeres, instead of being restricted to the P lineage blastomeres (data not shown).
Maternal expression of par-3 is required for the establishment of AP polarity and control of cleavage pattern in early Staining is also intense at the boundary where AB and Pl meet.
The scale bar represents 5 pm.
C. elegans embryos. In this paper, we have described the cloning of par-3 and shown that it encodes a novel protein that is asymmetrically localized to the anterior periphery of the l-cell embryo. Restriction to the anterior depends upon the activity of the par-2 gene, but not upon two other par genes, par-!$nd par-4. The PAR-3 protein is present in both somati,c and germline blastomeres but becomes localized asymmetrically only in the germline lineage. In addition, we find thatpar-is required for proper asymmetric distribution of PAR-l protein. Finally, we find a correlation between the distribution of PAR-3 and the ability of 2-cell stage blastomeres to undergo the nuclear rotation required to reorient the mitotic spindle.
Establishment of the AP Axis in the Zygote C. elegans embryos start to display AP polarity during the first cell cycle. P granules become localized to the posterior pole of the zygote (Strome and Wood, 1983) , microfilaments concentrate at the anterior (Strome, 1986) , and cytoplasm streams along the AP axis (Hird and White, 1993; Nigon et al., 1960) . The mitotic spindle is asymmetrically placed, and cleavage produces two daughter cells of unequal size. These daughters exhibit different developmental potential and differential distributions of important regulatory molecules. For example, SKN-1 protein is present at higher concentration in the posterior daughter (Bowerman et al., 1993) , and GLP-1 protein is translated only in AB and its daughters (Evans et al., 1994) .
We have only a rough understanding of how this polarity is established. Unlike polarity in most other animal models where at least one axis is established during oogenesis, polarity in C. elegans seems to arise de novo after fertilization. The sperm sets the AP axis (B. Goldstein and S. N. Hird, personal communication), and reorganization of cytoplasm during the first cell cycle produces a polarized zygote. The establishment of polarity depends upon microfilaments (Hill and Strome, 1988,199O) and upon the products of the par genes (Kemphues et al., 1988; Kirby et al., 1990) . The discovery that PAR-l and PAR-3 are asymmetrically localized at the cell periphery (Guo and Kemphues, 1995; this paper) suggests that regional differences in the cortical cytoskeleton play an important role in establishing polarity.
PAR-3 has an essential role in the generation of embryonic polarity. In its absence, P granules localize improperly, microfilamentsfail to concentrate at the anterior, cytoplasmic streaming is slowed or eliminated, and the first cleavage is equal (Kemphues et al., 1988; Kirby et al., 1990) .
Our results suggest that PAR-3 contributes to AP polarity by virtue of its asymmetric distribution at the cell peripheryof the zygote. Its appearance at the periphery preceeds (or coincides with) the initiation of cytoplasmic reorganization, starting at the end of meiosis II (Kirby et al., 1990; Nigon et al., 1960) , and it becomes distributed asymmetrically before the P granules localize to the posterior, about the middle of pronuclear migration (Rose et al., 1995; Strome and Wood, 1983) .
Although the biochemical activity of PAR-3 is unknown, it appears that one of its roles is to restrict the distribution of PAR-l.
PAR-1 is a serine/threonine protein kinase that is localized to the posterior of the zygote and is also required for establishment of polarity (Guo and Kemphues, 1995 et al., 1980; Schierenberg, 1987) .
The par genes may act to reestablish polarity at each cell cycle in Pi, P2, and P3.
PAR-3 is localized to the side of Pi, P2, and P3 that will give rise to the somatic daughter, while PAR-l is localized to the side of the cell that will give rise to the germline daughter.
This distribution is reestablished in each cell cycle.
Early in the cell cycle, the peripheral PAR-l is unrestricted, and PAR (Cheng et al., 1995; Kemphues et al., 1988 (Eshel et al., 1993; Li et al., 1993; Muhua et al., 1994 This cortical alteration could orevent formation of the anteCloning and Sequencing rior cortical site believed to associate with the astral microtubules or could promote interaction of astral microtubules with multiple sites on the cortex to "anchor" the mitotic spindle, preventing rotation. We favor the latter model for two reasons. First-the centrosome-nuclear rotation takes place in the posterior blastomere of both wild-type and par-3 2-cell embryos. Thus, the apparent presence of PAR-3 at the anterior periphery of the wild-type Pl blastomere does not prevent the function of the local site. Second, the presence of PAR-3 at the anterior cortex of Pi seems to be necessary for stabilizing the spindle apparatus during or after the rotation (Cheng et al., 1995) . If par-3 embryos are made to undergo second cleavage while under gentle pressure of a coverslip, spindle orientation is more variable than in embryos not subjected to pressure. In wild-type embryos, however, similar treatment does not affect orientation of the Pl spindle. We propose that par-3 acts to prevent spindle rotation in the AB blastomere by promoting a strong interaction of astral microtubules with cortical components and that this interaction overides the influence of the hypothesized anterior cortical site that drives spindle rotation.
In summarv. we orooose that asvmmetric localization Standard methods were used for Northern and Southern analyses (Sambrook et al., 1989) . cDNA clones were isolated from a C. elegans h cDNA library (Barstead et al., 1991) . To sequence the cDNA clone MA. a series of nested deletions were made usina exonuclease Ill and mung bean nuclease (Stratagene).
The nested deletions were sequenced using the dideoxy chain terminator method (Sanger et al., 1977) . The entire sequence from both strands of the cDNA was obtained. The 5'end of the transcript was determined using RACE-PC!+ according to the protocol of the manufacturer (Clonetech). Sequence analysis was performed using the FASTA program (Pearson and Lipman, 1988) Two rabbits were immunized, and the crude antisera were affinity purified over columns containing the PAR-3 fusion protein covalently bound to CNBr-activated 6 Mb Sepharose beads (Pharmacia).
Antibodies against the GST portion of the fusion protein were removed by passing the crude serum through a column containing PAR-I-GST fusion protein (Guo and Kemphues, 1995) .
To obtain proteins from early embryos for Western blots, we transferred wild-type and par-3(it71) uric-32(el89) homozygous worms to 1 x PBS on ice. Embryos were then isolated by treating the worms with freshlv made bleach solution (1 ml of bleach for 4 ml of 0.66 M KOH) twice for 3 min. The embryos were washed once in M9 solution and resuspended in an equal volume of 2 x sample buffer. The samples were boiled for 5 min, and a Pasteur pipette with a flame-closed tip was used to crush the embryos for about 1 min. The samples were boiled for another 3 min and subsequently kept on ice.
,. r .
of par-3 has at least two roles in early embryogenesis. First, PAR-3 restrictsthedistribution of PAR-l to the posterior; second, PAR-3 contributes to differences in spindle alignment at the 2-cell stage by promoting stable interaction between astral microtubules and the cell cortex.
Experimental Procedures
Strains and Alleles Maintenance of C. elegans strains and recombination mapping were carried out using standard techniques (Brenner, 1974) . The Bristol strain N2 was used as the standard wild-type strain. The genetic markers and balancer chromosomes used were obtained from the C. elegans Genetic Center, except for the strain qC1 dpy-19(e1259) g/pl(q339), which was provided by J. Austin and J. Kimble. The following mutations were used for genetic and molecular analysis:
LGIII, par-3(it77), par-3(/w30), par-3(zul63), sma4(e729), daf4(m63ts), /on-l(el85j, uric-32(el89), and par-2(lw32) qC1;
LGV, par-l(b274), rol-4(sc8), par-4(it57ts), par-5(it121), par-5(it55), and nT1 unc(n754). Three-factor analysis, starting with a daf-4(m63ts) sma-4(e729)/par-3(if71) strain, placed par-3 between daf-4 and sma-4: daf-4 (10 of 36) par-3 (26 of 36) sma-4. Two-factor analysis placed sma-4 and par-3 0.15 MU apart (9 Sma non-Par of 3023 Sma). Thus, the distance between daf-4 and par-3 is approximately 0.06 MU. Map data have been submitted to theC. elegans GeneticCenter.
We estimated the physical distance of par-3 relative to daf-4 by correlating genetic distance from data in the C. elegans database with physical distance obtained from sequence data on chromosome Ill (Wilson et al., 1994) .
Germline Transformation For transformation rescue, par-3(it71) uric-32(e189)/qCl hermaphrodites were injected with a mixture of the DNA to be tested and rol-6 DNA as acoinjection marker using the procedure of Mello et al. (1991) . The mutation par-3(if71) causes 100% lethality in embryos from homozygouspar-3 hermaphrodites (Cheng et al., 1995) . For each candidate DNA injected, we established a minimum of five par-3(it71) unc-32(e189)/qCl lines that transmitted the rol-6 marker. To test for rescue, we compared the number of progeny produced by 50 each Uric and Rol Uric segregants from each line. To obtain DNA from the rescuing cosmid in h phage clones, we used the 12.1 kb Sall fragment of F54E7 as a probe to screen a C. elegans genomic phage library (provided by H. Browning).
Western blots were done by standard procedures (Harlow and Lane, 1988) . Samples were run on 7% SDS-polyacrylamide gels, transferred to nitrocellulose, and incubated with either anti-tubulin monoclonal antibodies or anti-PAR-3 antibodies. Visualization used the ECL Western blotting system (Amersham). lmmunofluorescence For in situ antibody staining with anti-PAR-3 and anti-P granule antibodies, gravid worms were washed in distilled water and transferred in batches of 15 to polylysine slides with 7 ul of PBS and overlaid with 18 mm x 18 mm glass coverslips.
Gentle pressure was applied to release the embryos.
The slides were placed on dry ice for 15 min. After removal of coverslips, the slides were incubated in methanol at room temperature for 15 min, followed by 5 min in 1 x PBS. The samples were blocked with goat serum for 1 hr at room temperature and incubated in diluted antibodies for 2 hr at room temperature. The affinity-purified antibodies were diluted into 1% (w/v) BSA, 10% (v/v) goat serum in PBS. The slides were washed twice for 10 min with PBST (0.5% Tween 20 in PBS) at room temperature, followed by a 10 min wash in PBS. The samples were then incubated for 1 hr at room temperature in secondary antibodies (FITC goat anti-rabbit for PAR-3 and rhodamine goat anti-mouse for P granules). The slides were subsequently washed three times for 10 min in PBST and 10 min in 1 x PBS, with a 112000 dilution of DAPI included in the second wash. The stained specimens were overlaid with Vectashield (Vector) and a glass coverslip and viewed using fluorescence microscopy. Immunostaining with anti-PAR-l antibodies was performed according to the method of Guo and Kemphues (1995) .
